The perturbation of model membranes by (-)-delta 9-tetrahydrocannabinol. Studies using solid-state 2H- and 13C-NMR.
The effects of (-)-delta 9-tetrahydrocannabinol (delta 9-THC) on model phospholipid membranes were studied using solid-state 2H and 13C nuclear magnetic resonance spectroscopy. Aqueous multilamellar dispersions of dipalmitoylphosphatidylcholine with specific 2H- and 13C-labels as endogenous probes at the C7, methylene and the carbonyl groups, respectively, of the sn-2 chain were used to study the conformational and dynamic properties of the bilayer as a function of temperature and drug concentration. The drug molecule decreases the phase transition temperature of the bilayer in a concentration dependent manner up to 20 molar percent when full saturation has occurred. The 2H spectra show that delta 9-THC broadens the phase transition during which the spectra acquire a characteristic shape of a two-component system exchanging at an intermediate rate (approximately 10(6) s-1) with some liquid crystalline features. Such spectra provide information related to the melting of the phospholipid chains. At intermediate temperatures, the 13C spectra show a gel-like and a liquid-crystalline-like exchanging components and provide information about a conformational change at the phospholipid glycerol backbone occurring at or near the pretransition. The spectral composition and rate of exchange are both dependent on drug concentration. We have carried out computer simulations of the 13C spectra and obtained conformational information related to the phase transition process in the bilayer from gel to liquid crystal. Our studies show that delta 9-THC has a stronger effect on the sn-2 carbonyl near the bilayer interface than on the lipid chains and serve to describe the membrane perturbing effects of cannabinoids in molecular terms.